This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europ^n des brevets 



(11) 



EP 0 969 452 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

05.01.2000 Bulletin 2000/01 

(21) Application number: 97949198.2 

(22) Date of filing: 19.12.1997 



(51) lnta7: G11B7/00. G11B11/10, 
G1 IB 20/14 

(86) International application number: 
PCT/JP97/04743 

(87) International putrfication number: 

WO 98/43241 (01.10.1998 Gazette 1998/39) 



(84) Designated Ck)ntracting States: 


(72) Inventor: ASANO, Kenjl 


DE FR GB NL 


Kakamlgahara-shI, Gifu 504 (JP) 


(30) Priority: 25.03.1997 J P 7149397 


(74) Representative: 


26.03.1997 JP 7340997 


Glawe, Detfs, Moll & Partner 


27.03.1997 JP 7524297 


Patentanwdfte 




Postfach 26 01 62 


(71) Applicant: 


80058 MOnchen (DE) 


SANYO ELECTRIC Co., Ltd. 


Moriguchi-shi, Osaka 570 (JP) 





CM 

o> 
o 

LU 



(54) INFORMATION REPRODUCER, INFORMATION RECORDER AND REFERENCE MARK 
DETECTION CIRCUIT 



(57) Information reproduction apparatus of the 
present invention is directed to realize data reproduction 
properly and reliably from an optical dIsK including a 
wobble detection circuit (130) to detect a wobble signal 
read out by an optical head (500). a PLL circuit (150) to 
frequency-multiply the wot^ble signal to generate a syn- 
chronizing signal (SSO). a delay ctrcurt (170) delaying a 
synchronizing signal (SSO) sequentially to generate a 
plurality of synchronizing signals (SS0-SS10) of differ- 
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ent phases, a particular pattern detection circuit (1 90) to 
detect a particular pattern in a reproduced signal, and a 
switching unit (210) to select one synchronizing signal 
having a phase difference preset by a preset circuit 
(180) with respect to a detected particular pattern and 
supplying the selected synchronizing signal to a laser 
drive drcuit (230) and to a signal demodulation circuit 
(90). 
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Description 

Technical Reld 

[0001 1 The present invention relates to an information 
recording reproduction apparatus that records informa- 
tion on a magneto-optical recording medium and that 
reproduces the recorded information from a magneto- 
optical recording medium. 

Background Art 

[0002] The development of a magneto-optical record- 
ing medium (refen^ed to as "optical disk" hereinafter) is 
now intensive together with the recording and reproduc- 
ing technique since it is a rewritable and reliable record- 
ing medium of a large storage capacity. 
[0003] In a conventional magneto-optical recording 
reproduction apparatus, a synchronizing signal is prere- 
corded magnetically at the beginning of every unit of 
data on an optical disk togetiier with the data. By detect- 
ing that synchronizing signal at the time of reproduction 
for synchronization, the subsequent recorded data can 
be read out sequentially. 

[0004] However, when the above-described prere- 
corded synchronizing signal is missing in the repro- 
duced signal according to the conventional 
recording/reproduction technique, there was a problem 
that the appropriate timing to direct a laser beam onto 
the optical disk for reproduction could not be estab- 
lished, so that data could not be reproduced reliably. 

Disclosure of the Invention 

[0005] An object of tiie present invention is to provide 
an information recording/ireproduction apparatus tiiat 
can realize data reproduction more con^ectly and relia- 
bly. 

[0006] Another object of the present invention is to 
provide a reference mark detection circuit that can 
detect accurately witii a simple structure a reference 
mark such as an address mark (refen^ed to as line 
clock mark* hereinafter) formed together with the wob- 
ble at a groove. 

[0007] According to an aspect, the object of tiie 
present invention is achieved by providing an informa- 
tion reproduction apparatus including an information 
readout circuit responsive to a supplied control signal to 
read out information from a nrounted recording medium, 
a reproduction circuit demodulating information to gen- 
erate reproduction data, a first period Signal detection 
circuit detecting a first period signal from the read out 
information, a synchronizing signal generation circuit 
generating a plurality of synchronizing signals of differ- 
ent phases according to tiie detected first period signal, 
a second period signal detection circuit detecting a sec- 
ond period signal from the read out information, and a 
control circuit selectively supplying as a control signal to 



the information read out circuit a synchronizing signal 
out of the plurality of synchronizing signals generated 
by the synchronizing signal generation circuit that has a 
predetermined phase dfference witii respect to tiie sec- 
5 ond period signal detected by tiie second period signal 
detection circuit. 

[0008] According to another aspect, the object of the 
presait invention is achieved by providing an informa- 
tion recording apparatus including a data record circuit 

w responsive to a supplied control signal to record data on 
a mounted recording medium, an information read out 
circuit for reading out information from a recording 
medium, a first period signal detection circuit detecting 
a first period signal out of tiie read out infomiation. a 

75 synchronizing signal generation circuit generating a plu- 
rality of synchronizing signals of different phases 
according to the detected first period signal, a second 
period signal detection circuit detecting a second period 
signal from the read out information, and a control cir- 

20 cuit selectively supplying to the data record drcurt as 
tiie control signal a synchronizing signal out of the plu- 
rality of synchronizing signals generated by the syn- 
chronizing signal generation circuit that has a 
predetermined phase dfference from the second period 

25 signal detected by the second period signal detection 
circuit. 

[0009] According to an aspect, anotiier object of tiie 
present invention is achieved by providing a reference 
mark detection drcuit tfiat detects a reference mark 

30 from a recordng medium in which the plane configura- 
tion of at least one sidewall of a groove for tracking is 
fornied so tiiat a reference mark having a relatively 
abnjpt second waveform of an amplitude identical to 
that of a relatively gentie first waveform nxxJulated by a 

35 predetermined information signal is overlapped at a 
constant interval on the first waveform. The reference 
mark detection circuit includes a circuit generating an 
electrical signal having a waveform con-esponding to 
the plane configuration of the sidewall. a circuit compar- 

40 ing the level of the generated electrical signal witii a pre- 
determined reference level to generate a first, logic 
signal of a first pulse having a first duration time indicat- 
ing the comparison result between the first waveform 
and tiie reference level and a second pulse having a 

45 second duration time indicating the comparison result 
between tiie second waveform and the reference level, 
a circuit generating a second logic signal of a tiiird pulse 
having a fixed third duration time in synchronization witii 
a leading edge of each pulse of the first logic signal, and 

so a circuit latching tiie logic level of the second logic signal 
in synchronization with a trailing edge of each pulse of 
tiie first logic signal to output the result as a detection 
result of a reference mark. The third duration time is 
longer ttian the second duration time and shorter than 

55 tiie first duration time. 

[001 0] According to another aspect another object of 
tiie present invention is achieved by providing a refer- 
ence mark detection circuit that detects a reference 
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mark from a recording medium in which the plane con- 
figuration of at least one sidewall of a groove for tracking 
is formed so that a reference mark having a relatively 
abrupt second waveform of an amplitude greater than 
that of a relatively gentle first waveform modulated by a $ 
predetermined information signal is overlapped at a 
constant interval on the first waveform. The reference 
mark detection circuit iricludes a circuit generating an 
electricaJ signal having a waveform corresponding to 
the plane configuration of the sidewall, a circuit conr^ar- io 
ing the level of the generated etectricai signal with a first 
reference level that is between the peak value of the first 
wavefomi and the peak value of the second waveform 
to generate a first logic signal of a first pulse indicating 
the comparison result between the second waveform 75 
and the first reference level, a circuit conrparing the level 
of the generated electrical signal with a second refer- 
ence level that is smaller than the peak value of the first 
waveform to generate a second togic signal of a second 
pulse indicating the comparison result between the first 20 
waveform and the second reference level and a third 
pulse indicating the comparison result between the sec- 
ond waveform and the second reference level, and a cir- 
cuit providing as a detection result of a reference mark 
a third logic signal of a fourth pulse having a leading 25 
edge in synchronization with the leading edge of the first 
pulse of the first logic signal and a trailing edge accord- 
ing to the first trarrsition of the second logic signal sub- 
sequent to the leading edge of the first pulse. 
[0011] According to a further aspect, another object of 30 
the present invention is achieved by providing a refer- 
ence mark detection circuit that detects a reference 
mark from a recording medium in which the plane con- 
figuration of at least one sidewall of a groove for tracking 
is formed so that a reference mark having a relatively 35 
abrupt second waveform of an arrplitude greater than 
that of a relatively gentle first waveform modulated by a 
predetermined information signal is overlapped at a 
constant interval on the first waveform. The reference 
mark detection circuit includes a circuit generating an 40 
electrical signal having a waveform corresponding to 
the plane configuration of the skfewall. a circuit compar- 
ing the level of the generated electrical signal with a first 
reference level between the peak value in the positive 
direction of the first waveform and the peak value in the 45 
positive direction of the second waveform to generate a 
first logic signal of a first pulse indicating the compari- 
son result between the second waveform and tiie first 
reference level, a circuit comparing the level of the gen- 
erated electrical signal with a second reference level so. 
that is between the peak value in the positive direction 
and the peak value in the negative direction of tiie first 
waveform to generate a second logic signal of a second 
pulse indicating the comparison result between the first 
waveform and tiie second reference level and a ttiird ss 
pulse indicating the comparison result between the sec- 
ond waveform and the second reference level, a drcuit 
comparing the level of the generated electrical signal 



with a third reference level between the peak value in 
the negative direction of the first waveform and tiie peak 
value in the negative direction of the second waveform 
to generate a third logic signal of a fourtfi pulse indicat- 
ing the comparison result between the second wave- 
form and tiie tiiird reference level, a circuit generating a 
fburtti logic signal of a fifth pulse having a leading edge 
in synchronization with the leading edge of the first 
pulse of the first logic signal and a trailing edge accord- 
ing to tiie first transition of the second logic signal sub- 
sequent to tiie leading edge of the first pulse, a circuit 
generating a fifth logic signal of a sixth pulse having a 
leading edge in synchronization with the leading edge of 
tiie fourth pulse of the third logic signal and a trailing 
edge according to tiie first transition of the second logic 
signal subsequent to the leading edge of the fourth 
pulse, a circuit ANDing the fourth logic sigral and tiie 
f iftfi logic signal, and a circuit receiving the AND to gen- 
erate a pulse having a predetermined duration in syn- 
chronization witii respective trailing edges of the fifth 
and sixth pulses to output the pulse as a detection result 
of a reference mark. The predetermined duration is 
longer than tiie time interval between ttie trailing edge of 
the fifth else and the trailing edge of the sixth pulse. 
[0012] An advantage of the present invention is ttiat 
data can be recorded correctly and reliably on a record- 
ing medium and data can be reproduced therefrom. 
[001 3] Anotiier advantage of the present invention is 
tiiat, when an address mark is formed at a groove of a 
recording medium together with a wobble, tiie address 
mark can be detected at high accuracy with a simple 
structijre. 

Brief Description of Drawings 
[0014] 

Rg. 1 is a block diagram showing an entire struc- 
ture of an information reproduction apparatus 
according to a first embodiment of the present 
invention; 

Rg. 2 is a plan view showing a ti^ack structure hav- 
ing a wok^e at botii sides of a groove in the optical 
disk of Rg. 1 ; 

Rg. 3 is a plan view showing a track structure hav- 
ing a wobble formed at only one side of a groove in 
tiie optical disk of Rg. 1 ; 

Rgs. 4A and 4B are timing charts for describing an 
operation of ttie PLL drcuit of Rg. 1 ; 
Rg. 5 is a block diagram showing a structure of ttie 
delay drcuit of Rg. 1 ; 

Rgs. 6A-6M are timing charts for desaibing an 

operation of ttie particular pattern detection circuit 

and switching unit of Rg. 1; 

Rg. 7 is a block diagram showing a structure of an 

information recording/i^eproduction apparatus 

according to a second embodiment of the present 

invention; 
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Rgs. 8A-8L are tinning charts for describing an 
operation of the switching unit of Rg. 1 ; 
Fig. 9 is a block diagram showing an entire struc- 
ture of an information recording/ireproduction appa- 
ratus according to a third embodiment of the 5 
present invention; 

Rg. 1 0 is a block diagram showing a structure of the 
address mark detection circuit of Rg. 9; 
Rgs. 11A-11E are timing charts for describing an 
operation of the address mark detection circuit of io 
Rg. 10; 

Rg. 1 2 is a block diagram shewing the former stage 
of an address mark detection circuit according to a 
fourth embodiment of the present invention; 
Rg. 13 is a block diagram showing the latter stage is 
of the address mark detection circuit according to 
the fourth embodiment of the present invention; 
Rgs. 14A-14K are timing charts for describing an 
operation of tiie address mark detection circuit of 
Rgs. 12 and 13; 20 
Rgs. 15A-15K are timing charts for describing an 
operation of tiie address mark detection circuit of 
Rgs. 12 and 13; 

Rg. 16 is a block diagram showing a nrradification of 
the former stage portion of the address mark detec- 25 
tion circuit of Rg. 12; 

Rg. 17 is a block diagram showing the latter stage 
portion of the address mark detection circuit 
according to a fifth embodiment of the present 
invention; and 30 
Rgs. 18A-18D are timing charts for describing an 
operation of tiie address mark detection circuit of 
Rg. 17. 

Best Mode for Can-ying Out tiie Invention 35 

[001 5] The information reproduction apparatus, infor- 
mation recording apparatus, and a reference mark 
detection circuit according to the present invention will 
be described in detail witii reference to tiie drawings. 40 
[001 6] In tiie drawings, tiie same reference characters 
denote the same or corresponding conponents. 

[Rrst Embodiment] 

45 

[001 7] Rg. 1 is a block diagram showing a structure of 
the information reproduction apparatus according to a 
first embodiment of the present invention. 
[0018] Figs. 2 and 3 schematically show tiie plane 
configuration of a track formed on the surface of a so 
recording medium, for example, a magneto-optical disk. 
In each drawing, the region for tracking is called 
"groove", and the region between the grooves is called 
"land" hereinafter. 

[001 9] Rg. 2 shows tiie plane configuration of a mag- 55 
neto-optical disk in which a wobble 1 of a gentle and rel* 
ativety long period is continuously formed at both 
sidewalls of a groove, and in which a plurality of abrupt 



address marks (or fine clock mark) 2 as reference 
marks are formed intermittentiy along the ti'ack direction 
at a constant interval at txxth sidewalls. Rg. 3 shows the 
plane configuration of a magneto-optical disk in which a 
wobble 1 of a gentie and relatively long period is contin- 
uously formed at only one side of a groove, and a plural- 
ity of address marks 2 are formed intermittentiy along 
tiie track direction at a constant interval at botii side- 
walls. 

[0020] In Figs. 2 and 3, tiie gentie waveform of wobble 
1 is, as described before, modulated by a signal such as 
an address information signal or a synchronizing signal. 
At the time of recording/reproduction, the address infor- 
mation signal and synchronizing signal are demodu- 
lated to be used in the recording/reproduction 
operation. Address mark 2 having an abrupt waveform 
is a reference nr^ark to indicate tiie beginning of data, the 
timing of signal recording/reproduction, and determin- ' 
ing whetfier the laser beam is on tiie center line of ttie 
track. It is detected as a reference timing signal to which 
tiie operation will be referenced in recording/reproduc- 
tion. The period of wobble 1 has a range of, for example, 
10-35 ^m. 

[0021] As shown in Fig. 1, tiie irtforn^tion reproduc- 
tion apparatus includes a spindle motor 300 for rotating 
an optical disk 100 at a predetermined speed of rota- 
tion, an optical head 500 directing a laser beam having 
a wavelengtii of 680 nm at a predetermined timing onto 
optical disk 1 00 to read out inforn^tion such as tiie data 
and synchronizing signal recorded magnetically in 
advance on optical disk 100 and a wobble signal 
according to wobble 1 that is recorded physically, a sig- 
nal reproduction amplify circuit 70 connected to optical 
head 500 to amplify and separate each signal of opti- 
cally-reproduced data, synchronizing signal, wobble 
signal, and error signal, and a signal demodulation cir- 
cuit 90 connected to signal reproduction amplify circuit 
70 to generate in synchronization with an input clock 
signal reproductfon data by demodulating the data 
amplified by signal reproduction amplify circuit 70 
according to the modulated metfiod in recading. 
[0022] Further included are a servo circuit 1 1 0 receiv- 
ing an error signal of a low frequency amplified and sep- 
arated by signal reproduction amplify circuit 70 to rotate 
spindle nfK>tor 300 at a predetermined speed of rotation 
and also controlling tiie objective lens included in optical 
head 500 to carry out tracking servo and focus servo, a 
wobble detection circuit 130 connected to signal repro- 
duction amplify circuit 70 to detect a wobble signal as a 
first period signal out from the amplified signal, a PLL 
circuit 150 connected to wobble detection circuit 130 to 
generate a predetermined synchronizing signal SSO 
according to tiie wobble signal, a delay circuit 170 con- 
nected to PLL circuit 150 to generate a plurality of syn- 
chronizing signals SS0-SS10 having different phases, a 
particular pattern detection circuit 190 connected to sig- 
nal reproduction amplify circuit 70 to detect a particular 
pattern as a reproduced second period signal, a switch- 
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ing unit 210 to selectively supply one synchronizing sig- 
nal out of the plurality of synchronizing signals SSO- 
SS10 generated from delay circuit 170, having a prede- 
termined phase difference from that of the particular 
pattern, to a laser drive circuit 230 and to a signal 
demodulation circuit 90» a preset circuit 180 for preset- 
ting the predetermined phase difference equal to the 
phase difference of recording, and a laser drive circuit 
230 controlling optical head 500 so that a laser pulse 
beam for reproduction is directed onto optical disk 100 
at a predetermined timing according to the synchroniz- 
ing signal supplied from switching unit 210. 
[0023] Delay circuit 1 70 includes ten delay elements 
171-174 connected in series, as shown in Rg. 5. 
[0024] The operation of the information reproduction 
apparatus according to the first embodiment of the 
present invention will be described hereinafter. 
[0025] Wobble detection circuit 1 30 detects a wobble 
signal from the reproduced amplified signal. The wobble 
signal shown in Rg. 4A is supplied to PLL circuit 150. 
[0026] PLL circuit 150 binarizes the supplied wobble 
signal to generate a synchronizing signal according to 
the binarized signal in synchronization with the timing of 
the binarized signal attaining a high level. 
[0027] That synchronizing signal is frequency-multi- 
plied. A synchronizing signal SSO having a frequency 
100 times that of the wobble signal is generated and 
output as shown in Rg. 4B. 

[0028] As shown in Rg. 5, synchronizing signal SSO is 
input to delay circuit 170. The synchronizing signal 
delayed by a predetermined time t at delay element 1 71 
is output as synchronizing signal SSI. The synchroniz- 
ing signal further delayed by time t at delay element 1 72 
is output as synchronizing signal SS2. In a similar man- 
ner, synchronizing signals SS0-SS10 are output 
sequentially from delay circuit 170 to switching unit 210. 
[0029] As shown in Figs. 6C-6M, time t is set as the 
time of, for example 1/10 ttie half period T1-T3 of syn- 
chronizing signal SSO. 

[0030] The infanriation as shown in Rg. 6A is magnet- 
ically recorded on optical disk 100. More specifically, 
data 33 and a synchronizing signal 31 indicating the 
beginning of data 33 are recorded in the one cycle of 
2kB (170 wobbles). Also, the data (particular pattern, 
also called '•2T pattern'* hereinafter) 290 of 8 bits of 
(00110011) shown in Rg. 6B is recorded at two posi- 
tions, i.e., the beginning of each period and during data 
330. 

[0031 ] Particular pattern detection circuit 1 90 detects 
the 2T pattern pulse signal shown in Fig. SB that is 
reproduced • amplified by signal reproduction amplify 
circuit 70. This detected pulse signal is provided to 
switching unit 210. 

[0032] Switching unit 210 selects one of the synchro- 
nizing signals SS0-SS1 0 supplied from delay circuit 1 70 
that has the preset phase difference preset of preset dr- 
cuit 180 from tiie 2T pattern pulse signal to provide the 
selected synchronizing signal to laser drive circuit 230. 



[0033] For example, when a value approximating 0 is 
set as the phase base difference from the 2T pattern 
pulse signal in preset circuit 180, switching unit 210 
selects one synchronizing signal SS3 tiiat attains a high 

5 level at a time closest to time T2 where the 2T pattem 
pulse signal of Rg. 6B first attains a high level. 
[0034] As a result of signal demodulation circuit 90 
establishing synchronization by this selected one syn- 
chronizing signal SS3. the signal reproduced * amplified 

10 by signal reproduction amplify drcuit 70 is demodulated 
to result in reproduction data. 
[0035] This one selected synchronizing signal SS3 is 
provided to laser drive circuit 230, whereby optical head 
500 projects a laser beam that is pulsed in synchronize- 
rs tion with synchronizing signal SS3 to optical disk 1 00. 
[0036] 2T pattern 290 is also inserted in data 330 to 
supply a predetermined synchronizing signal reliably to 
laser drive draiit 230 and signal demodulation circuit 
90. The desired synchronizing signal is reselected 

20 (selection is reevaluated) during one period. 

[0037] According to the information reproduction 
apparatus of the first embodiment, e-ror in data repro- 
duction can be reduced by establishing the optirrujm 
timing for data reproduction witii respect to tiie data 

25 recorded magnetically 

[0038] Also, information of high density can be repro- 
duced accurately by preventing the drop of reproduction 
data to carry out reproduction properly. 
[0039] The information reproduction apparatus 

30 according to the first embodiment of tiie present inven- 
tion is premised on the magnetic recording of a particu- 
lar pattern (2T pattem) 290 on a mounted optical disk 
100 from which one synchronizing signal having a pre- 
determined phase difference is selected by switching 

35 unit 210 with the reference of tiie 2T pattern 290 in tiie 
reproduction of optical disk 100. Alternatively, an infor- 
mation reproductk)n apparatus tiiat detects a fine clock 
mark 2 physically recorded as shown in Figs. 2 and 3 
instead of 2T pattern 290 to select one synchronizing 

40 signal having a predetermined phase difference witii tiie 
detected signal as the reference by switching unit 210 is 
similarly applicable. 

[Second Embodiment] 

45 

[0040] Fig. 7 is a block diagram showing a sti-ucture of 
an information recording/reproduction apparatus 
according to a second embodiment of the present 
invention. 

50 [0041] As shown in Fig. 7, the information record- 
ing/reproduction apparatus indudes a signal modula- 
tion drcuit 290 modulating the recorded data at a 
predetermined modulation system such as the 1-7 sys- 
tem, a write timing generation circuit 310 connected to 

55 signal modulation circuit 290 and a switching unit 210, 
generating a magnetic head drive signal to establish 
timing of writing data into optical disk 100 according to 
tiie signal modulated by signal modulation circuit 290 



5 



9 



EP0969 452 A1 



10 



and the synchronizing signal from switching unit 210. a 
magnetic head 350 applying a magnetic field to optical 
disk 100, and a magnetic head drive circuit 330 driving 
magnetic head 350 so as to apply a nrmgnetic field in a 
direction determined by a magnetic head drive signal. 
[0042] Further included are a spindle motor 300 to 
rotate optical disk 100 at a predetermined speed of rota- 
tion, an optical head 500 directing a laser pulse beam 
having a wavelength of 680 nm at a predetermined tinv 
ing on optical disk 100 to magnetically record data and 
the like onto optical disk 100 and also reading out infor- 
mation such as the data and synchronizing signal 
recorded magnetically, a wobble signal, a fine dock sig- 
nal, or the like according to physically recorded wobble 
1 and fine cbcK mark 2, a signal reproduction amplify 
circuit 70 connected to optk:al head 500 for amplifying 
and separating each of the signals of tiie data, synchro- 
nizing signal, wobble signal, fine clock signal, and error 
signal optically-reproduced, and a servo circuit 110 
receiving an error signal of low frequency amplified and 
separated by signal reproduction amplify circuit 70 to 
rotate spindle mdtot 300 at a predetermined speed of 
rotation, and also controlling the objective lens included 
in optical head 500 so as to cany out tracking servo 
control and focus servo control. 
[0043] Further included are a wobble detection circuit 
130 connected to signal reproduction amplify circuit 70 
to detect a wobble signal as a first period signal out of 
the amplified signal, a PLL circuit 150 connected to 
wobble detection circuit 130 to generate a predeter- 
mined synchronizing signal SSO according to tiie wob- 
ble signal, a delay circuit 170 connected to PLL circuit 
150 to generate a plurality of synchronizing signals 
SSO-SS10 of different phases, a fine clock mark detec- 
tion circuit 190 connected to signal reproduction amplify 
circuit 70 to detect a fine dock signal as a reproduced 
second synchronizing signal, a switching unit 210 selec- 
tively providing to a write timing generation circuit 310 
and a laser drive circuit 230 a synchronizing signal out 
of the plurality of synchronizing signals SS0-SS10 gen- 
erated from delay drcurt 170 tiiat has a predetermined 
phase difference from the fine dock signal, a preset dr- 
curt 180 for presetting tiie predetermined phase differ- 
ence, and a laser drive circuit 230 for controlling optical 
head 500 so tiiat a laser pulse beam Is directed to opti- 
cal disk 100 at a predetermined timing according to the 
synchronizing signal supplied from switching unit 21 0 in 
data recording and reproduction. 
[0044] The recording operation of tiie above informa- 
tion recording/reproduction apparatus according to ttie 
second embodmerrt of the present invention will be 
described hereinafter. 

[0045] This operation is similar to the operation of the 
information reproduction apparatus of the first embodi- 
ment, provided tiiat fine clock nrark detection circuit 190 
detects the fine clock signal from tiie signal repro- 
duced • amplified by signal reproduction amplify drcuit 
70 and provides to switching unit 210 the fine clock sig- 



nal taking a high (H) level for a predetermined time 
shown in Rg. 8A. 

[0046] Switching unit 210 selects one synchronizing 
signal that attains a high level the preset time (phase) of 
5 preset drcuit 180 behind time T2 where the fine clock 
signal of Rg. 8A attains a high level, and supplies tiie 
selected synchronizing signal to write timing generation 
drcuit 310 and laser drive circuit 230. 
[0047] When the value is set as a phase difference 
10 approximating 0 at preset drcuit 1 80, synchronizing sig- 
nal SS3 of Fig. 8E that attains a high level at tiie time 
dosest to time T2 is selected by switching unit 210. The 
same synchronizing signal SS3 is si^^plied to write tim- 
ing generation circuit 310 and laser drive drcuit 230. 
IS [0048] By driving magnetic head 350 and optical head 
500 with the same synchronizing signal, a laser pulse 
beam can be directed at a desired timing when a prede- 
termined magnetic field is applied to optical disk 100. 
Thus, data can be recorded at high density appropri- 
ate ately. 

[0049] The reproductiori operation of the information 
recording/reproduction apparatus according to tiie sec- 
ond embodiment of the present invention will be 
described hereinafter. 

25 [0050] This operation is similar to the reproduction 
operation of the Information reproduction apparatijs of 
the first embodiment, provided tiiat fine clock mark 
detection circuit 190 detects a fine clock signal from tiie 
signals reproduced and amplified by signal reproduction 

30 amplify drcuit 70 to supply a fine clock signal having a 
high level for a predetermined time to switching unit 
210. 

[0051] Switching unit 210 selects one (in tiie above 
example, synchronizing signal SS3 Is selected) of syn- 
35 chronizing signals SS0-SS1 0 having a phase difference 
set by preset circuit 280 In recording with respect to tiie 
fine clock signal. The selected signal is supplied to laser 
drive circuit 230. 

[0052] Laser drive circuit 230 responds to the supplied 
40 synchronizing signal to drive optical head 500 so as to 
emit a laser pulse beam at a predetermined timing to 
optical disk 100. 

[0053] The optically reproduced data and the like are 
applied to signal reproduction amplify circuit 70 to be 

45 amplified. The anplified signal is demodulated accord- 
ing to the modulation system of signal modulation circuit 
290 in recording, whereby reproduction data is gener- 
ated (demodulation drcuit is not depicted). 
[0054] According to the information recording/repro- 

50 duction apparatus of tiie second enrtxxJiment of the 
present invention, data is recorded taking advantage of 
a synchronizing signal having a predetemiined phase 
difference on the basis of a fine clock mark 2 tiiat is 
physically recorded on optical disk 100. Therefore, 

55 recording of equal quality can be reliably carried out. 
Furthermore, since tiie recorded data Is reproduced 
using a synchronizing signal having tiie predetermined 
phase difference used in recording, a more accurate 
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and reliable reproduction data can be obtained. 
[Third Embocfiment] 

[0055] Although the formation of an address mark (or s 
fine dock mar*^ at the groove on recording medium in 
addition to a wobble is conventionally proposed, a dr- 
cuit that detects such an address mark accurately with 
the simple structure has not yet been proposed. 
[0056] In the following embodiment, a reference mark io 
detection circuit that detects partkiularly an address 
mark accurately will be desaibed in detail. 
[0057] Fig. 9 is a block diagram showing an entire 
structure of an information recording/reproduction 
apparatus induding a reference mark (address mark or 75 
fine clock mark) detection circuit to detect address mark 
2 shown In Figs. 2 and 3. 

[0058] First, the entire structure of an information 
recording/reproduction apparatus of a magneto-optical 
disk according to a third embodiment of the present 20 
invention will be described with reference to Rg. 9. 
[0059] Referring to Fig. 9, the information record- 
ing/reproduction apparatus includes a signal modula- 
tion circuit 11, a timing pulse generation circuit 12. a 
magnetic head drive circuit 13, a laser drive drcuit 14, 25 
an optical head 15. a magnetic head 16. a spindle motor 
1 7, a servo circuit 18, a reproduced signal amplify circuit 
19. a low pass circuit 20, a clock generation circuit 21 , a 
decoder 22. an address mark detection circuit 23, a 
synchronizing signal input circuit 24, and a duty correc- 30 
tion circuit 25. 

[0060] First, the recording operation of the information 
recording/reproduction apparatus of Fig. 9 will be 
desaibed. The record data Indicating the information to 
be recorded is sent to signal modulation drcuit 1 1 to be as 
modulated by, for example, the 1-7 RLL system. Follow- 
ing tiie rrxxlulation of the 1-7 RLL system, the data is 
sent to timing pulse generation circuit 1 2 to be modified 
into a pulse signal having a predetermined duty ratia 
Also, the predetermined phase difference is set. Then. 40 
the pulse signal is sent to magnetic head drive circuit 13 
and laser drive circuit 14. 

[0061] Laser drive drcuit 1 4 turns on/off the semicon- 
ductor laser (not shown) in optical head 15 In response 
to the sent pulse signal. As a result, a pulsed laser 45 
beam is directed on magnet-optical disk 26. Magnetic 
head drive drcuit 13 responds to the applied record sig- 
nal to drive magnetic head 16. whereby the record sig- 
nal is recorded on nrragneto-optical disk 26. 
[0062] In the present embodiment, the phase of the so 
pulse laser beam is behind the phase of the record 
magnetic field by 0-60 ns. The duty ratio of the pulse 
laser beam is 20-60%. The information to be recorded is 
not limited to the above video signal, and may be an 
audio signal, a data signal, and the like. ss 
[0063] The reproduction operation of the information 
recording/reproduction apparatus of Rg. 9 will be 
desaibed hereinafter. 



[0064] A laser beam is emitted from the semiconduc- 
tor laser (not shown) of optical head 15. The beam 
passes through an objective lens (not shown) in optical 
head 15 to be directed on the recording plane of mag- 
neto-optical disk 26. The light reflected from the record- 
ing plane is detected by a photodetector (not shown) in 
head 15, whereby a reproduced signal is output from 
optical head 15. 

[0065] The obtained reproduced signal is sent to 
reproduced signal amplify circuit 19 to be amplified. The 
anpW led signal is sent to low pass circuit 20. The repro- 
duced signal passing tiirough low pass drcuit 20 is sent 
to decoder 22 to be demodulated by the 1 -7 system in 
synchronization with the dock signal sent from clock 
generation drcuit 21 to be output as reproduction data. 
[0066] The reproduced signal is amplified by repro- 
duced signal amplify circuit 19 and sent to servo circuit 
18. Servo drcuit 18 controls optical head 15 and spindle 
vnoXor 1 7, whereby data is read out from magneto-opti- 
cal disk 26. 

[0067] The reproduced data amplified by reproduced 
signal amplify circuit 19 is also applied to address mark 
detection circuit 23 of the present invention. Address 
mark detection circuit 23 detects the address mark 
formed at the groove of the magneto-optical disk shown 
in Rg. 2 or 3 to generate a reference timing signal. Syn- 
chronizing signal input circuit 24 generates a synchro- 
nizing signal to direct a laser beam onto disk 26 
according to the reference timing signal from address 
mark detection circuit 23. The generated synchronizing 
signal is applied to duty conection circuit 25. 
[0068] Duty correction circuit 25 generates a pulse 
signal of a predetermined duty according to the syn- 
chronizing signal from synchronizing signal input circuit 

24. The generated pulse signal is applied to laser drive 
drcuit 14. Laser drive circuit 14 controls optical head 15 
according to the pulse signal from duty conection circuit 

25. whereby the reproduction laser beam is pulsed. The 
output pulse signal from duty correction circuit 25 may 
be applied to signal modulation drcuit 11 as tiie trigger 
of signal modulation. 

[0069] Rg. 10 is a block diagram showing tiie struc- 
ture of address mark detection circuit 23 out of the 
entire structure of the information recording/reproduc- 
tion apparatus of Rg. 9. In tiie third embodiment, an 
address mark detection signal that is particularly formed 
to correspond to a magneto-optical disk in which tiie 
arrplrtude of the wobble is identical to the arrplitude of 
the address mark will be desaibed in detail. 
[0070] Referring to Fig. 1 0, the reproduced signal out- 
put from reproduced signal arrplify drcuit 19 of Rg. 9 is 
applied to amplifier 32 via high pass fitter 31 to be anpli- 
f ied. The output from amplifier 32 is applied to one fixed 
terminal of switch circuit 34 and also to tiie other fixed 
terminal of switch circuit 34 via an inversion amplifier 33. 
The movable terminal of switch circuit 34 is applied to 
tfie positive input terminal of comparator 35. The switch- 
ing control of switch drcuit 34 is effected by a control 
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signal from a control circuit not shown, 
[0071 ] The negative input terminal of a comparator 35 
is connected to the ground potential. The output of com- 
parator 35 is applied to a one shot circuit 36. The output 
of one shot circuit 36 is applied to the data input of a flip- 
flop circuit 37. The inverted output of comparator 35 is 
applied to the clock input of flip-flop circuit 37. Rip-flop 
circuit 37 outputs a reference timing signal, which Is 
applied to synchronizing signal input circuit 24 of Fig. 9. 
[0072] Figs. 1 1 A- 11 E are timing charts for desaibing 
the operation of the address mark detection drcuit of 
Fig. 1 0. The operation of the address mark detection cir- 
cuit according to the third embodiment of the present 
invention will be described hereinafter with reference to 
Figs. 10and11A-11E. 

[0073] First, the output of amplifier 32 is applied to the 
positive input of comparator 35 by switch circuit 34. The 
waveform at the positive input of comparator 35 is rep- 
resented in Fg. 1 1 A. This signal is a reproduced electri- 
cal signal having a waveform corresponding to the 
plane configuration of the groove of magneto-optical 
disk 26. This waveform includes a relatively gentle wob- 
ble 1 and an abrupt address mark 2 formed thereon at a 
predetermined interval. 

[0074] It is assumed that address mark 2 always has 
the shape as shown in Fig. 1 1 A in the embodiment set 
forth in the following. However, the waveform of this 
address mark 2 may be inverted depending upon the 
disk. In such a case, the waveform of the address mark 
at the positive input of conrparator 35 is maintained at 
the shape shown in Rg. 1 1 A by providing the output via 
inversion amplifier 33 to the positive input of comparator 
35 by controlling switch circuit 34 by a control circuit not 
shown. 

[0075] The waveform (Fig. 1 1 A) applied to the positive 
input of comparator 35 is compared with the reference 
le^el (here, ground level) applied to the negative input. 
The comparison result (Fig. IB) is applied to one shot 
circuit 36. One shot circuit 36 generates a pulse having 
a constant duration t (Fig. 11C) in synchronization with 
the rise of the output (Fig. 1 1 B) of comparator 35. The 
generated pulse is applied to the data input of flip-flop 
circuit 37. 

[0076] The inverted output (Fig. 1 1 D) of comparator 
35 is applied to the clock input of f lip-f top circuit 37. Flip- 
flop circuit 37 maintains the level of the data input (Fig. 
1 1 C) for every rise (an'ow) of the dock input (Fig. 1 1 D) 
to output the maintained level as the reference timing 
signal (Rg. 11E). 

[(M)77] As to the output of conrparator 35, t is preset so 
that the relationship of t^ < t < t2 is estat>lished where t2 
is the duration of the pulse indicating the comparison 
result between a portion 1 of the wobble and tiie refer- 
ence level (ground potential), ti is the duration of the 
pulse indicating the comparison result between tiie por- 
tion of address mark 2 and the reference level, and t is 
the duration of the output pulse of one shot circuit 36. 
[0078] When a pulse of a duration tg indicating the 



comparison result with wobble 1 is generated at the out- 
put (Rg. 1 1 B), an L level is always detected at the rise 
of the clock input (Rg. 1 1 D) since duration t of the one 
shot pulse of the signal (Fig. 11C) is shorter than tg. 
5 However, when a pulse of a duration t^ corresponding to 
address mark 2 is generated at the output (Rg. 1 1 B), an 
H level is detected at the rise of the clock input (Fig. 
11D) of flip4lop circuit 37 since a one shot pulse of a 
duration t longer than duration t^ is generated. The 
10 detected H level continues until an L level is detected at 
tiie timing con-esponding to the ti-ailing edge of tiie next 
detected pulse of wobble 1 . 

[0079] Thus, the detection pulse is generated at the 
output of flip-flop circuit 37 only when a signal conso- 
ls spending to address nrtark 2 of duration t^ is detected. 
[0080] According to the third embodiment of tiie 
present invention, ttie gentie waveform of the wobble is 
not detected and only the abrupt waveform change of 
tiie address nr^rk is detected to generate a reference 
20 timing signal properly in the case where a signal is to be 
reproduced from a magneto-optical disk in which tiie 
wobble and the address mark are formed having tiie 
same amplitude. 

25 [Fourtii Embodiment] 

[0081] The fourth embodiment of the present inven- 
tion relates to an address mark detection circuit that is 
formed to correspond to a magneto-optical disk in which 
30 an address mark is formed having an anplitude greater 
than the amplitude of the wobble. 
[0082] Rgs. 12 and 13 are block diagrams showing a 
structure of the former stage portion and later stage por- 
tion, respectively, of such an address mark detection cir- 

35 CUit 

[0083] Referring to Rg. 1 2, ttie reproduced signal from 
reproduced signal amplify drcuit 19 of Fig. 10 is applied 
to anrplifier 47 via a high pass filter 41 to be amplified. 
The output of amplifier 42 is applied in common to the 

40 positive input of comparators 43, 44, and 45. 

[0084] A positive reference potential A is applied to tiie 
negative input of comparator 43. A negative reference 
potential C is applied to the negative input of compara- 
tor 44. A ground potential B is applied to the negative 

45 input of comparator 45. 

[0085] The output of comparator 43 is applied to a 
reset input 52 of a flip-flop circuit 47 via an inverter 46. 
The output of comparator 44 is applied to a reset input 
53 of flip-flop drcuit 49. The output of comparator 45 is 

50 applied to the dock input terminal of flip^lop circuit 49 
as well as to the clock input terminal of flip-flop drcuit 47 
via inverter 48. 

[0086] The outputs of flip-flop circuits 47 and 49 are 
ANDed by an AND gate 50. The output of AND gate 50 
55 is applied to one shot drcuit 51 . The output of one shot 
drcuit 51 is output from address mark detection circuit 
23 as a reference timing signal to be applied to synchro- 
nizing signal input circuit 24 of Fig. 9. 
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[0087] Figs. 1 4 A- 1 4K and 1 5A- 1 5K are timing charts 
for describing the operation of the address mark detec- 
tion circuit of Figs. 12 and 13. The operation repre- 
sented by Figs. 14A-14K differs from the operation 
represented by Rgs. 15A-15K in that the phase of the 
waveform of address mark 2 is Inverted. 
[0088] The operation of address mark detection drcuit 
23 in the case where an address mark having the wave- 
form of Fig. 14A is detected will be descrft}ed first. 
[0089] An electrical signal having a waveform con-e- 
sponding to the plane configuration of the groove as 
shown in Fig. 14A is output from amplifier 42 of Fig. 12 
to be applied to the positive input of comparators 43-45. 
A potential corresponding to a reference level A greater 
than the peak value of wobble 1 and smaller than the 
peak value of address mark 2, as shown in A in Rg. 
1 4A, is applied to the negative input of comparator 43. A 
signal (Fig. 14B) including a pulse corresponding to the 
comparison result between the wavefomi of Rg. 14A 
and reference level A is output from comparator 43. This 
signal (Fig. 14B) is inverted by Inverter 46 and ttien 
applied to reset input 52 of flip-flop circuit 47. 
[0090] A potential conresponding to a reference level 
C greater than the peak value in the negative direction 
of wobble 1 and smaller than the peak value in the neg- 
ative direction of address mark 2, as shown In C In Rg. 
1 4 A, is applied to ttie negative Input of comparator 44. A 
signal (Fig. 14G) including a pulse indicating the com- 
parison result between the waveform of Fig. 14A and 
reference level C is output from comparator 44 to be 
applied to the reset input 53 of flip-flop circuit 49. 
[0091 ] The ground potential B of Rg. 1 4A Is applied to 
the negative input of comparator 45. A signal (Rg. 14D) 
including a pulse indicating the comparison result 
between the waveform of Rg. 14A and ground potential 
B is output from comparator 45. This signal (Fig. 1 4D) Is 
applied to tiie clock input of flip-flop circuit 49, and also 
Inverted by Inverter 46 to be applied to the dock input of 
flip-fk)p drcuit 47. It Is assumed that the data input of 
flip-flop drcuits 47 and 49 is connected to the potential 
of an H level. 

[0092] Referring to Rgs. 14A-14K, when the ampli- 
tude In the positive direction of address nnark 2 is 
detected by comparator 43 as tiie signal represented by 
Rg. 148, flip-flop circuit 47 is reset by this inverted sig- 
nal (Fig, 14C). The output (Rg. 14F) Is driven from the 
H level to an L level. TTien, flip-flop drcuit 47 retains tiie 
H level of the data input at the rising (arrow) timing of ttie 
signal (Fig. 14E) which is the clock Input to maintain the 
output (Fig. 14F) at the H level until the next reset pulse 
is input In other words, a one shot pulse waveform of 
Fig. 14F is obtained corresponding to tfie anplltude in 
the positive direction of the address mark. 
[0093] The waveform of the address mark in the neg- 
ative direction is detected as the pulse (Rg. 14G) by 
comparator 44. Flip-flop drcuit 49 is reset by this pulse 
(Fig. 14G), whereby the output (Fig. 141) Is driven from 
the H level to an L level. Then, flip-flop circuit 49 retains 



tiie data input of an H level in synchronization with the 
rising (anew) timing of the signal (Fig. 14D) which is the 
dock input. The signal of Fig. 141 is maintained at the H 
level until the next reset pulse is input In other words, a 

5 one shot pulse of Rg. 141 Is detected according to the 
amplitude of the address mark iri the negative direction. 
When the waveform of address mark 2 is always con- 
stant as shown in, for example. Rg. 14A, the detection 
of an address mark is effected by detecting either this 

10 pulse signal (Fig. 1 4F) or tiie pulse signal (Rg. 141). 
[0094] However, since tiiere may be a case where tiie 
phase of the address mark Is Inverted as will be 
described aftenwards in connection with Rgs. 15A-15K. 
these signals (Fig. 14F) and the signal (Fig. 141) are 

IS ANDed (Fig. 14J) by AND gate 50 to generate a detec- 
tion signal according to tiie result In the present fourtii 
embodiment. 

[0095] More specifically, by applying a signal (Fig. 
14J) to one shot signal 51 tiiat generates a pulse of a 

20 duration longer than the time interval of respective trail- 
ing edges of two continuous pulses ttiat are output (Rg. 
14J) from AND gate 50. a signal (Rg. 14K) Including a 
one shot pulse indicating the detection of an address 
mark can be obtained. 

25 [0096] The operation of detecting an address mark 2 
having an Inverted waveform will be desaibed with ref- 
erence to Figs. 15A-15K. The waveforms of Figs. 15B. 
15D and 15G are obtained from comparators 43. 44, 
and 45, respectively, of Fig. 12. Flip-ftop drcuit 47 is 

30 reset by a reset pulse (Fig. 15C) to latch the data of an 
H level at the rising (an-ow) timing of ttie dock Input (Rg. 
1 5E). The pulse (Fig. 1 5F) is output from flip-flop circuit 
47 to be applied to one input of AND gate 50. 
[0097] Flip-f bp circuit 49 is reset by a reset pulse (Fig. 

35 1 5G) to retain tiie data of tiie H level at the rising (arrow) 
timing of the clock input (Rg. 15D). Therefore, the pulse 
(Rg. 151) is output from flip-flop drcuit 49 to be applied 
to the otiier input of AND gate 50. 
[0098] As a result, a signal representing the AND (Rg. 

40 15J) is obtained from AND drcuit 50. This signal Is 
applied to one shot drcuit 51, whereby a pulse (Fig. 
15K) having a duration longer than the time interval of 
the trailing edge of the two pulses of the signal (Rg. 
15J) is generated from circuit 51. This pulse (Rg. 15K) 

45 is output as the signal indicating detection of an address 
mark. 

[0099] According to the fourth embodiment of tiie 
present invention, an address mark can be detected 
reliably independent of tiie phase of the waveform of tiie 

so address mark when the amplitude of the address mark 
Is greater than that of the wobble. 
[01 00] Ck)niparators 43 and 44 of Rg. 1 2 can be used 
in comnron with one comparator by providing an inver- 
sion circuit 54 and a switch 55 as shown in Fig. 16 to 

55 switch tiie polarity towards the positive input of the com- 
parator. Accordingly, tiie circuit configuration can be 
made more simple. 
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[Fifth Embcxiiment] 

[0101] Rg. 17 is a block diagram showing the struc- 
ture of the latter stage of the address mark detection cir- 
cuit according to a fifth embodiment of the present 5 
invention. TTie former stage portion is as shown in Rg, 
12 or 16. The embodiment shown in Rg. 17 is directed 
to realize a detection drcuit that will not detect a scratch 
erroneously as an address mark even when, for exam- 
ple, there is such a scratch between the acfciress marks io 
on the surface of a disk. The structure of the detection 
circuit differs from the structure of the fourth embodi- 
ment shewn in Rg. 13 in that an OR gate 56 is provided 
to feed back the output of one shot circuit 51 to its input 
[0102] Rgs. 18A-18D are timing charts to describe the is 
operation of the address mark detection circuit of Fig. 
17. 

[01 03] Referring to Rgs. 1 7 and 1 8A- 18D, when there 
is a physical scratch 3 in the groove between two 
address marks as shown in Rg. 18A. a pulse corre- 20 
spending to this scratch is detected by flip-flop circuits 
47 and 49. A pulse corresponding to the AND thereof is 
output from AND gate 50 (Rg. 18B). Here, the duration 
of the pulse generated by one shot circuit 51 is set 
longer than the duration t^ of respective trailing edges 2s 
((a) and (b) of Fig. 18B) of tiie pulse con-espording to 
the amplitudes in the positive direction and the negative 
direction of the address mark in the previous fourth 
embodiment, and shorter than the duration i^. starting 
from the position of elapse (b) of t^ up to the trailing 30 
edge (d) of the pulse con-esponding to the amplitude in 
the positive direction of tiie next address mark. By 
ORing tiiat pulse and the output (Rg. 1 8B) of AND gate 
50 by use of an OR gate 56, the pulse corresponding to 
scratch 3 will not be erroneously detected as a detection 35 
pulse of the address mark. 

[01 04] Preferably, tiie duration is set to a time interval 
close to time intenral t2. Also, the duration time (ti <t < 
t2) under control of one shot circuit 51 can have the 
clock counted with a digital counter to set the time close 40 
to the time of (ti + tg) of Fig. 18B. 
[01 05] According to the present fifth embodiment, the 
timing of an address mark can be detected correctly 
without being influenced by a scratch, if any, between 
the address marks on the surface of the disk. as 

Claims 

1 . An information reproduction apparatus conrprising: 

50 

information read out means (230. 500) respon- 
sive to a supplied control signal for reading out 
information from a mounted recording medium, 
reproduction means (90) for demodulating said 
information to generate reproduction data, ss 
first period signal detection means (130) for 
detecting a first period signal from read out 
said information, 



synchronizing signal generation means (170) 
for generating a plurality of synchronizing sig- 
nals of different phases according to detected 
said first period signal, 

second period signal detection means (190) for 
detecting a second period signal from read out 
said information, and 

control means (210) for selectively supplying 
as said control signal to said information read 
out means a synchronizing signal out of said 
plurality of synchronizing signals generated by 
said synchronizing signal generation means 
that has a predetermined phase difference 
from said second period signal detected by 
said second period signal detection means. 

2. An information recording apparatus comprising: 

data record means (310, 330, 350) for record- 
ing data to a mounted recording medium in 
response to a supplied control signal, 
information read out means (230, 500) for 
reading out information from said recording 
medium, 

first period signal detection means (130) for 
detecting a first period signal from read out 
said information, 

synchronizing signal generation means (170) 
for generating a plurality of synchronizing sig- 
nals of different phases according to detected 
said first period signal, 

second period signal detection means (190) for 
detecting a second period signal from read out 
said information, and 

control means (210) for selectively supplying 
as said control signal to said data record 
means a synchronizing signal out of said plu- 
rality of synchronizing signals generated by 
said synchronizing signal generation means 
that has a predetermined phase difference 
from said second period signal detected by 
said second period signal detection means. 

3. A reference mark detection circuit for detecting a 
reference mark from a recording medium in which 
the plane configuration of at least one sidewall of a 
groove for tracking is formed so that said reference 
mark having, on a relatively gentie first waveform 
modulated by a predetermined information signal, a 
relatively abrupt second waveform is overlapped at 
a constant interval, said first waveform and said 
second waveform having the same amplitude, said 
reference mark detection circuit comprising: 

means (32) for generating an electrical signal 
having a waveform conresponding to said plane 
configuration of tiie sidewall, 
means (35) for conparing a level of said gener- 
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ated electrical signal with a predetermined ref- 
erence le\^el to generate a first logic signal of a 
first pulse having a first duration indicating the 
comparison result between said first waveform 
and said reference level and a second pulse 5 
having a second duration indicating the com- 
parison result between said second waveform 
and said reference level, 
means (36) for generating a second logic sig- 
nal of a third pulse having a fixed third duration 10 
in synchronization with a leading edge of each 
pulse of said first logic signal, and 
means (37) for latching a logic level of said sec- 
ond logic signal in synchronization with a trail- 
ing edge of each pulse of said first logic signal is 
to provide the result as a detection result of 
said reference mark, 

wherein said third duration is longer than said 
second duration and shorter than said first 
duration. 20 

4. A reference mark detection circuit for detecting a 
reference mark from a recording medium in which 
the plane configuration of at least one sidewall of a 
groove for tracking is formed so that said reference 25 
mark having, on a relatively gentle first waveform 
modulated by a predetermined information signal, a 
relatively abmpt second waveform is overlapped at 
a constant interval, said second waveform having 
an amplitude greater than the amplitude of said first 30 
waveform, said reference mark detection drcurt 
conrprising: 

means (42) for generating an electrical signal 
having a waveform corresponding to said plane 35 
configuration of the sidewall. 
means (43) for comparing a level of said gener- 
ated electrical signal with a first reference level 
between a peak value of said first waveform 
and a peak value of said second waveform to 40 
generate a first logic signal of a first pulse indi- 
cating the comparison result between said sec- 
ond waveform and said first reference level, 
means (45) for comparing a level of said gener- 
ated electrical signal with a second reference 45 
level lower than the peak value of said first 
waveform to generate a second logic signal of 
a second pulse indicating the comparison 
result between said first waveform and said 
second reference level and a third pulse indi- so 
eating the conrparison result between said sec- 
ond waveform and said second reference level, 
and 

means (46-51) for providing as a detection 
result of said reference mark a third logic signal ss 
of a fourth pulse having a leading edge in syn- 
chronization with the leading edge of said first 
pulse of said first logic signal and a trailing 



edge according to a first transition of said sec- 
ond logic signal subsequent to a leac£ng edge 
of said first pulse. 

5. A reference mark detection circuit for detecting a 
reference mark from a recording medium in which 
the plane configuration of at least one sidewall of a 
groove for tracking is fonmed so that said reference 
.mark having, on a relatively gentle first waveform 
modulated by a predetemnined information signal, a 
relatively abrupt second waveform is overlapped at 
a constant interval, said second waveform having 
an amplitude greater than the amplitude of said first 
waveform, said reference mark detection circuit 
comprising: 

means (42) for generating an electrical signal 
having a waveform corresponding to said plane 
configuration of the sidewall. 
means (43) for comparing a level of said gener- 
ated electrical signal with a first reference level 
between a peak value of said first waveform In 
a positive direction and a peak value of said 
second waveform in the positive direction to 
generate a first logic signal of a first pulse indi- 
cating tiie comparison result between said sec- 
ond waveform and said first reference level, 
means (45) for comparing the level of said gen- 
erated electrical signal with a second reference 
level between peak values of said first wave- 
form in a positive direction and a negative 
direction to generate a second logic signal of a 
second pulse indicating the comparison result 
between said first waveform and said second 
reference level and a tiiird pulse indicating tiie 
comparison result between said second wave- 
form and said second reference level, 
means (44) for comparing tiie level of said gen- 
erated electrical signal with a tiiird reference 
level between the peak value of said first wave- 
form in the negative dtrectfon and tiie peak 
value of said second waveform in the negative 
direction to generate a third logic signal of a 
fourth pulse indicating the comparison result 
between said second waveform and said third 
reference level, 

means (47) for generating a fourth logic signal 
of a fifth pulse having a leading edge in syn- 
chronization witti the leading edge of said first 
pulse of said first logic signal and a trailing 
edge according to a f irst transition of said sec- 
ond logic signal sut)sequent to tiie leading 
edge of said first pulse, 

means (49) for generating a fifth logic signal of 
a sixtii pulse having a leading edge in synchro- 
nization with the leading edge of said fourtii 
pulse of said third logic signal and a trailing 
edge according to a first transition of said sec- 
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ond logic signal subsequent to the leading 
edge of said fourth pulse, 
means (50) for ANDing said fourth logic signal 
and said fifth logic signal, and 
means (51) receiving said AND for generating 5 
a pulse having a predetermined duration to 
provide the generated pulse as a detection 
result of said reference mark, in synchroniza- 
tion with respective trailing edges of said fifth 
and sixth pulses, said predetermined duration lo 
longer than a time interval between the trailing 
edge of said fifth pulse and the trailing edge of 
said sixth pulse. 

The reference mark detection circuit accorcfing to is 
claim 5. wherein said predetermined duration is 
shorter than the time interval starting from the trail- 
ing edge of a latter one of said fifth and sixth pulses 
up to Itie trailing edge of a leading one of said fifth 
and sixth pulses, and 20 

OR means (56) for ORing said AND and said 
pulse having the predetermined duration to supply 
said OR to said means for generating a pulse hav- 
ing the predetermined duration. 
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